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INTRODUCTION 

This thesis is part of a series of related investigations 
concerning the properties of clay bdeing carried out by the Soil 
Mechanics Department of Rensselaer Polytechnic Institute. It is 
the purpose of this thesis to determine the variation of the 
vase exchange capacities of three certain clay minerals with 
hydrogen ion concentration, and also to attempt by spectrogra- 
phic analysis to determine both qualitatively and quantitatively 
the nature of the exchangeable bases present. 

The basis for the work concerning base exchange capacity 
was a series of investigations conducted by J. S. Hosking. We 
attempted to duplicate his methods and confirm his results, at 
the same time extending the theory to Jllite which he did not 
investigate. 

R. F, Reuss investigated the use of the spectrograph in 
the identification and classification of clay minerals. With 
his results as a background we attempted to determine the ad- 
sorbed ion content and convert it into terms of base exchange 
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B. Theomy of Base Exchange 
UV oumieeGry Of Variation of Base Exchange 


Capacity with Hydrogen Ion Concentration 
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THECRY 


ot 


me facomy Of olay nincerais 


Wee Lieory Or oasSe exCrance has oeen known for 


ad 


wellimmever s century. Tne first classical werk was 
Caeeo, “leomeas #a;;, wae. in 1¢€5C pibdlisned, “The 
Peer 0: SO0ii to ASsord Manure". in 1852, ey, in 
a second paper concluded trat base exchange is caused 
by the clay material of tne soil ana that this active 
material is an hydrated alumina silicate. Way's con- 
Glusions from his exderiments, as modified py various 
investigators, have stood the test of time, 

Bpetore proceeding with a discussion of base ex- 
Gemec. it would De Cetter to first consider tne 
clay minerais themselves. Tne study of the structure 
of clay material nas been closely associated with 
base excnangce. Tne Clay mimerals are crystalline 
hydrous aluminum silicates oroducet by weatnering of 
feldsopars anc other silicates. The crystalline 
nature of clay was first establisned by xendricks 
and rry in 1930, and is of major imoortance. 

when tons or molecules combine to form a crystalline 
Serra toc y vend. tO S2oupeunemselves in a geometrical 
arrancement wnicn will result in the greatest possible 
deerec Of electrical neutralization. The most 
elementary Greouwsine is called a unit cell, and is the 


elementery building unit. 








ror silicon and aluminun, 


tne unit cells are 


termed tre silicon-—oxygen tetrahedron and the 


aluminun—hydroxyl octahedron. 


Gonetvivuents of the Lattices 
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Me Tce. 
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LOGE S , 


Mio ame ponm@ed LOoretiier 


apa etnec tne Unats are 


MOeSewearc tie Orinei pal 
of the various clay 
Dec lLecurosc ta omc 


NCtCRetleCurTca lily 


Meer al Gacy CoOmoline to ™form the tetrahedral silica 


Beeeect ard the Giobsite sheet, 


Note tnat in each case, 


unsatisfied negative valences, and as a 


Yesmecu: vely 
the eur aces will nave 


Regu tea 


exert an attractive electrostatic force on any atoms 


or ions in tneir environment 


which have 


an Ungawuset Led 


positive valence or charge in an attempt to reduce 


mo ecireece Cherey aha Secome electrically neutral. 


rice cOrer., 


the atoms at tne end of the sheets will nave 


unsatisfied valences simply because there are no adjacent 


atoms. 


Thus, it is seen 


Goapeunte clectrostvatic forces 


exerted by a crystalline particle are due to the un- 


Someuct ted cherees Vocatea in the surfaces, edges, and 


Cormere OF the peeticic. 


Cor@gerc are vermed structural discontinuities, 


ihese surfaces, 


edges, and 


and it 


is oovious that the greater the number of discson- 


tinuities for a given volume 
electrosvuatically active tne 
ereater tne quantity of ions 
Ver Oroducem ee: Tira ly7avi0Nn. 
in terns. sO: Lattice 


minerals of maser imDortance 


Cieatner  Gie More 
material will be or the 


reauired to be adsorbed 
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three groups: Kaolinite, Montmorillonite and Illite. 


Hach sroup takes 20s name from its principal member, 
and it iS Witn @hese three that we shall concern 
Cumecd Ves . 

pome SsOils contain mixtures of tne clay minerals 
out in many soils there is but a single clay which is 
precominant. Tnese latter are mature soils which have 
mee Gide 2Or tae clay mineral to reacn equilibriun 
my 155 Cnyironment. 

ItPVe 41S UCloidy 2 eennany of tne cecomposition 
Or the parent rock material. Kaolinite and Montmorillonite 
Tay Llormeirom tyre same Dowea. rock in. a dirfement 
environnent. «Montmorillonite and Kaolinite may form 
mie tillatve. Kaolinite whoy form from Montmorillonite 
pee une Converse seems tO be questionable. 

in seciaqeuts aceamulating on tire o@ean floor, 
Tivitve aovears to be the most widely cietributed clay 
mincral. Ancient sedimentary clays are most freauently 
ieeemees Or ilitce and Kaolinite; occasionally, smell 
anounts of Montmorillonite are present, Many so-called 
Sentonites Tormea by alteration of volcanic ash are 
Gomposed of Monvrorillonite. 

The composition of Kaolinite is given as 
(0OH)8A14Sin019. Its lattice (Fig. A) consists of a 
Citeearte srectmand a tetrahedral sibiea sheet, i.e., 

a U:l Taveiee Structure. The charges on tne lattice 
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ClmOnomerecpoy OY tie Nezavive charges on the 
Gemmiunoal Oxyeen 10ns on tne latticesedges. Also, 
ieee Can cas Oyeroxylsions ot One basal plane and 
Gmc bc OUICY, Woche produces a tight bonding 
WMiGedi 1c 1AGtace and between lattices because cof 
the strong attraction between QOH- and O-~- ions. As a 
meet, bois Lattice Structure does not expand and its 
base exchange cavacity is very low (3-15 m.e. per 100 ems.). 
Ets exchange capacity will increasc with decreasing 
particle size (greater number of discontinuities produced 
by broken bond). 

HoOnunor Loni ve Has & probable composition of 
(08) A1),Si 205, xX 50. Picwear ee Gur ie site: (wdc. os) 
consists of one Gibbsite snect between two tetrahedral silica 
Gi@eets, 1.6., @ 231i lattice structure. This unit has 
Oxygen ions at both basal planes, and therefore, no 
strong bonding force acts within tne unit or between 
Mererc. Water dipoles occuny the space between adjacent 
PouGbuces, cd Ce nCnding om the quantity of water, the 
lattice spacing will vary. Obdviously, the greater number 
Se esecombnustiecs produced oy this expanding lattice 
ier peaLly increase ite base exchangte capacity 
(60-100 m.e. per 100 gms.). Moreover, because of the 
Seeder Ol osurraco discontinuitics relative 
BO LOvaVOreceonmuinulgiecs es tne bRSe ere@nangsce capacity 


eOeS NOUVWVer vent Ppartmele size. 
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itinee has a probable composition of 
(OH }y Ky (Aly Pepe Meg) Sig ,AlOoo y varying from 
ice @m@eo. £ts LAavtiee Structure (Fige.C) is similer 
POmromuicr ul Onite cxeems that about 15% of the 
Set oe lo LOnSs are pregieced by Alt++ and the 
MieeeGtia 92 oCSS Cierees arc Satisiied chitrly by K+ 
ions detireen the silica sheets or two adjacent units. 
These X+ jons seem to act as bridges binding the units 
orctnur so tnat they do not expand in the presence 
St water. Thus, it appears that theipropertiecs or 
Mmimitc will range between the extremes as represented 
by Kaolinite and Hiontmorillonite. Its base exchange 
capecity varies from 20 to 40 m.c. per 100 gms. and 


mil very with particle size. 
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B. THEORY OF BASE EXCHANGE 


It has been shown that unsatisfied negative valences 
exist in the zones of discontinuity. These valences 
Meer ere satisfied by cations which are packed in 
Pao inuerstices Of tne polymedrons and held there by 
the forces (mainly electrostatic) existing between the 
cations and anions. 

Thus, ionic exchange may oc visualized as acting 
wea Gerinite pattern, conforming to Helmholtz double 
layer theory. The electro-negative framework of 0-- 
and OH— ions acts as an attractive wall (inner leyer) for 
the adsorption of cations. The cations themselves form 
the outer or diffuse layer. This structural arrangement of 
the O-- and OH- lions remains undisturbed as long as the 
+ and ~- changes are oalanced. The forces of attraction 
arc mainly electrostatic (except perhans H+ as ecxplained 
later) and are greater the closer the cations can approach 
the oxygen ions. 

It follows, therefore, that ions of different size 
wid @harse will act differently in their adsorption and 
release. The relationshin between ionic exchange and 
EoiopCruLes Of the wons has been extensively studied in 
permutits (artificial clays) and natural clays. In using 
the latter it is first necessary to isolate the colloidal 
Peo2cuLon Of thewaemple andaisject it to purification 


wrocesses which will not affect the nature of the colloid. 
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Then study can be made to obtain quantitative and 
qualitative Gvaluation of the mechanism of ionic 
exchange. 

lomic exchange varies in intensity with the cation 
studied, and the individual behavior of various ions 
Pommonetested through a range of concentration, It 
has been found tnat there is a systematic trend in regard 
Mercaie cation used, i.e., a definite lyotropic series 
exists. Moreover, this series exists for both adsorption 
and release of ions in reverse order, 

In permutit systems the adsorption series is as 
follows; 

Lidge Neha Eee RO ee C8 as 

Heeenpt tor hydrogen, these ions are arranged according to 
their atomic weichts and then crystal lattice radii. 
Thus, it would anpear that the smaller the radius of the 
ion the less the adsorption. 

toes statement ,.however, appears to be directly 
opposite to what one would expect from analogics of 
attraction and energy relations of crystal lattices. 
According to various investigators, tne attraction 
between anions and cations follows Coulomb!s Law which 
demands that for cations of equal cnarge a small ion 
Wasmioe Atbreacved with greater force and held more 
tightly than a large ion. ‘This is expressed as follows: 

Co-+ Ce 


wnere e is the charge and r is the radius 
(ro + rq )* 





Neue 


me 


’ 
' . 
‘ 
fle - 
3 
- i 
e 
og . 
3 - 
Ae 
ee 
. 
- ~ 
- « . 
. 
hp 
. 
« ' 
. . 
4 z 
. Po 
ad 
° 
e an le! 
7 8 


. om < 
n . 
. 
- ave 
ae 
. 
: 
AT . 
"e 
+ a . Ds 
- a ~ 
- » 
~. 
e 
. 
- 
~ 
-  ” 2 
c 
‘ 
- 
5 
‘ 
- 
’ ° 
. 
e 
. 





Lo 


10 


of the cation and anion as indicated. It is evident 
from the denominator that attraction and stability 

are erecavcr pace smaller the radii of the ions. Thus, 

it aonears that in ionic exchange the cations anvarently 
act contrary to Coulomb's Law. 

For an explanation of this, it seems logical to 
BimeemouLe the order of the lyotropic series to the 
phenomenon of hydration of ions. Water molecules which 
are permanent dipoles become oriented and attracted, 
turning their negative side toward the cation. The 
number of polarized water molecules increases with 
the nolarizing ability of the ion, which is stronger 
the greater its charge and the smaller its radius. The 
fae bi tom will, tnerefore, attract the most water 
Meeeculcs and tne large Cs ion the least. Thus, the Li 
ion will then be the largest ion and Cs the smallest 
as based on radii of hydration. Therefore, the a»nparent 
reverse of Coulomb's Law does not exist at all and ionic 
exchange docs follow that law, and its mechanism is 
easily visualized. 

The stronply hydrated, large, and voluminous Li ion 
cannot come very close to the negative oxygen ion of the 
erystal lattice. Since there are one or two water 
molecules between the colloidal pnarticle and the adsorbed 
jon, the forces of attraction are weak and are more 
Capily replaced by legs hydrated and, consequently, 


smaller ions. 





ait 


im neaturalwelays there are irrecularities in the 
WyOlUrOmte ocr ics, ©.2,., 10r bentonite adsorption: 


Naw K SLi =< 3 


This may be interpreted as resulting from the reversal 
Gmc normal hydration order of the exchanging cations, 
i.,.é€., there exists a marked tendency to reverse the 
normal lyotropic series. 

In tne proceeding discussion, the hydrogen ion was 
not mentioned because of its veculiar behavior. It is 
unqucstionably the best adsorbed ion and is most effective 
Mire lacing other cations. 

The hydrogen ion consists of only a vositive 
nucleus and is the smallest ion known, From analogy from 
iberoere, it should be the least adsorbed cation rather 
teem eunme Dest. 

This strong adsorption and release is perhavs better 
understood from a consideration of the forces of attraction. 
The bonds existing between tne oxygfcn ion framework and the 
pemommca Cavlons arc considercd to be of mere electrostatic 
nature. ‘The adsorbed d-ion naturally tends to form 
OH- ions and even H50 moiccules witn O-- ions of the latticc. 
This attraction between H+ and O-- is very grcat, and the 
two ions adhere so closcly that the d ion plunges into 
the electron orbits of the oxygen ion. This bond may 
DewcOnpleerca bo, SC Ofwune covalent Type, ase¢., the two 
ions share two electrons simultaneously. This tyne bond 


represents true chemical linkage most closely. 





Thus, the difference in type bond seems to exvlain 
the action of tne H-lon. In the case of Li where at lcast 
one water molecule stands between the O-~ and the cation, 
the attraction is weak and elcctrostatic in nature, while 
Mouerreuie LTOrccs are strong and seem to be of a truce 
chemical tyne. 

investizations on the water adsorntion of soil 
colloids by various methods show decidedly that the 
myemaction Of the colloid particles depends unon the nature 
of the adsorbed cation. 

Pe coyetalQatticeseontainseiarce cavities which are 
filled with adsorbed ions and water molecules. For a given 
Pattice tne number of water molecules which can be packed 
iMco one cavity apparently depends on the number and sizc 
Opethnosexchanceable tons within the cavity. The smaller 
Uiewtumocr and size of tame adsorbed ions, the greater will 
be the number of water molecules in the systocn. 

in monovalent systems for every cation adsorbcd, 
eamotacr is released. The number of water molecules 
jon the cavitics becomes dependent only upon the size 
Seeticsadsorbed, cation. The sieiicr the cation in the 
cavity, the greater the number of water molecules that 
Gan be »acked into the systen, 

in divalent systems, for ecvcry divalent cation 
adsorbed, two monovalent cations are released. Although 
the entire system remains clectrically balanced, the 


Dlace of one of the two cations remains unoccupicd., 
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For instance, the volume of two Na ions is 7.88 A3, 

while the volume of one Ca ion, which replaces the two 

Na ions, is only 4.99 AJ, This difforential space 

can be filled with water molecules. Thus, it follows 
that systems witn divalcnt cations are more hydrated than 
those witn monovalent cations, 

It follows from above tnet H systems should contain 
the most water of hydration, since the H-ion is the 
aierress LOn Olwall. Data Turthner indicates that the 
number of water molecules in Hd-systems is considerably 
ecreater tnan that provided by mere space relationshins, 
Jenny states tnat this additional water revresents water 
of constitution formed during the process of replacement, 
Because of tne framework of oxygen and hydroxyl ions, 
the replacement of cations by H-ions creates "potential 
Wamer molocules” which are Jibcratcd unon ignition of the 
new compound, 

Thus, the hydration of H-systems may be visualized 
as consistinc of two main parts: first the ordinary water 
of hydration (water films around the colloidal particics 


ond cavity water) and second, the water of constitution. 
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C. THEORY OF VARIATION OF BASE EXCHANGE 

CAPACITY WITH HYDROGEN ION CONCENTRATION 

Matcrials such as clay minerals and complex organic 
compounds, in soils capable of exhibiting the provorty 
of cation exchange, are in reality weak multibasic 
Sena ia woich tre Bydrogen Yons are distributed over the 
Gxpesca Surfaccs of large insoluble anions. These 
hydrosen ions may be wholly or in part revlaccd by 
mctallic cations. Since these exchange materials are weak 
Bewas), complete nmcutralization of the hydrogen ions 
capable of dissociation will not take place at the neutral 
bent, pH 7, but at a more alkealinc reaction, the equi- 
valence point. 

Lapprochice tae requuaitenece. point of the clay 
(eral s is cxtromely difficult, if not impossiblo, to 
determine. As a result, various reaction valucs have 
bcen adopted as standard reforecnce points at which to 
cxpress saturation or cation exchange capacity. 

Of these values two, pH 7 and pH 8.4 have a snecial, 

though not necessarily a fundamental significance. 

The neutral »oint, pH 7, is of agronomic imvortance and 

the determination of the capacity at this value is based 
Upsieowcegire tor information concerning the lime re- 
quired to neutralize an acid soil; pH 8.4 is of pedological 
importance sinee free calcium carbonate may anpear in the 


soil at this pd value. 





SS eee eee eee ee eee 


a 


In the vast the majority of American workers adovted 
pH 7 as the standard of reference. Bradfield and 
Allison (1933) pronosed pH 8.4 as a more logical 
mMerercnee point. They based their proposal upon the 
observation that in most soils of the humid regions 
calcium is the dominant exchangeable cation, and that 
maeoucn SOils it might be cxpectcd that the pH value 
would not normally rise apvreciably above 8.4 (the pH of 
@omeium Carbonatc invequilibrium with carbon dioxide) , 
Since any metallic cations in excess of the amount necessary 
to neutralize tne cxchange complex to this value would 
appear as calcium carbonate. 

However, the reaction valuc rises ap»yreciably 
above pH 8.4 in soils containing cithcr magnesium or 
sodium as the dominant or an important exchange cation; 
Gres As quite normal not only in arid regions, but also 
i humaa regions and frequently even in the lower 
mevuzond Ol gOile with calcium as the vrincipal 
exchangeable ion in the surface layers. 

It is evicent that there is a necessity for agrcee- 
ment among investigators as to a definition of cation 
exchange capacity as well as to a method for its 
gdecernminatvion . 

Hosking attemoted to solve ticse problems through 
extensive investigation. From his results he determined 


beac uae=mogt lopacal reforence point for the 
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charactcrization and comnarison of the cxchange 
capacities of soils is nH 9. dHe found for all his 
samples that the cation exchange canvacities increased 
from a minimum valuc at pH 5 to a maximum valuc at pH 9. 
dc recommends that the term "maximum cation cxchange 
cavacity" should be used for the valuc at pH 9 and that 
heme toc Comparison of the cxchange capacitics of soils 
and colloids this maximum value should be used. 

While such a point is of fundamental importance, 
a value of more practical significance so far as cach 
individual soil is concerned is its exchange capacity 
aes OWN De valuc. This valuc is a definite charactcristic 
of tne soil as it occurs in its natural state. Since, 
Meyever, any treatment In tne ficid will necessarily upset 
Meena lanico in the extcnt and nature of the cxchangcable 
cations present, and must result in some variation in the 
no valuc, tne pH of the soil may become somewhat transicnt, 
in the surface layers at least, under cultivation, and a 
knowlcdge of the likely variation in cation exchange 
capacity with change in po is cssential. 

The method cmploycd by Hosking is described 
{modifications noted) in the Procedure. It may be used 
to determine, in a single operation, cxchange capacity 
of soils over tne useful range from po 5 to 9 and beyond 
Cicerone ralmsawoues.. 1b hag tne advantage Over 
other methods in that only small samplcs (as low as 0.1 
to 0.5 g) may be used where material is restricted and is 
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D. THE SPECTROGRAPH 


By supolying cnergy to tne atoms of an clement in 
fiemtOrmm ©: heat and Other methods, the clectrons in 
iacweuuem Snhcollis or Orbits arc displaccd to Levels of 
higher cnergy creating what may be termed an "cxciteca" 
Saeoe Of the atom. Theec "cxcited" atoms are unstablc 
and tend to return to normal omitting their surplus 
Smesey in the form of light. The light thus omitted 
Mmemmade Up of discreet wavelengtns which are charactoristic 
Smecac Cloment and range from the far ultra-violct 
to the infra-red, (1500A° -— 7500A°). In gencral, this 
process is not greatly altercd by chemical combination, 
each clement in a compound cnitting its own characteristic 
spectra of wavelengths. 

i tac Tent Wem tied by a particular f¢roup of 
elements is disperscd by some mcans such as a grating or 
& prism, the individual wavelengths may be recorded on 
a pnotogranvhic plate and idcontificd. As the amount of 
an cloment in the source becomes very small, their 
Mite teoly remain only a very few lines of its spectrun. 
These lincs will always be the last to disappear and will 
disaopear in tne seme order. They are known as the 
'porsistent lincs", 

GET Ol M@wo  tdab 2n QUualicative analysis for an 
Slrencils wre Persistent dines arc vansent, tnaat 


element is not present in the sample. For quansi?®a#,Zive 
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melysise tne ameuas Of seach clement prescnt will dctecr-— 
Momo tae relaurve IMeens#ecics of its spectral lincs on 
the plate. The measurc of the intensitics can be madc 
Dy the ug@e of a densitometer. 

Pimectcmeror@eLermmr ne une adsorbcd lon content. of 
amatcrial such as the clay mincrals investigeted it is 
neccssery to analyze qualitatively and quantitatively 
Sempies of the material before and aftcr treatment to 
memeye the acsorbed tons. The difference in amount 
present in the samples should total the adsorbed ion 


Cenucnt, 
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iaterials an* Anvaratus 

ine yesc Certain clay minerals usev in t»is in- 
weet abion ore as folios: 

Viape init S-trom Ory Branci, Ceor-ia 

CIP h Senet ate “carin: shale from doli-t, I11. 

DEMTONETR —Pran “yorin: 

meee umerenG Usee Tor bese excranwmwe cx city de- 

Gegrineti@me is as fol’os: 

Crateieie=cizemiee Tene C (international 9 win. Co.) 

Poller Particle Size Anrivzer (Americon Inst. Co,) 


*Verorim: Pistil*ation Annaratus 


TH Mee emoran ar coe Wee” 3n Fhe sx-ctre-ranhic 
“ion: [ores aueemeny Of fF “or in- curves, <s exe ined 
in the Procedure are as follo'ts: 

TAOQLINTIT™-from Vacon Georzie (H-4+) 

ILE gan Pte tien, Lll. (2-35 

OTT aren SC oyeonur, Marin-~ (3-26) 

Theses tideer clay minerel- “eve heen collec tad 
anc ifentified hy the Arericen Petrolcum Institute. 
The “vector vRhre ecunijoment usec ic o¢ Tollo's: 


7 a 


lied eaonimortomua Men-itemetcr, Cet. Mo. ov7hmcy 


Leeds an* Nort run Syeertonay Recorder 
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Photo # 4 The 





Phste FS Densitoneter Recorder 
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Pore Of wemples Lor ose Exchones Canacity 
PetewanabloMs 
Denese tlLOn OF OG. 41-7 | etter in Clay Aamplas 


C. SOGQersocrenric fnoiysis 


Ce 


meperatitor Of Semple Lor the 


Spm mm sm se ee 


Determination of Base Excnange Capacity 

Soil in the natural state cenerally consists of 
Sotn colesive and non-cconesive fractions. It is the 
no nCr. @immen Drea renerrcn tO as. clay witn whiten 
me Are seen ee inca tine Velay traction is further 
Maviced by particle size. Below 2 microns (u) a 
derinite change in nhysical properties is observed. 
Pnhis fraction <2 u is called the "active fraction". 

SINCenocULele GieemintIwenees tae Gecvivity, 26 
was decided to run all tests ona fiven particle 
Seize. the choace of size resulted from several con- 
siderations. <Atterverg states the 2 u particles 
moely aA adehamdGe change im oroperties; a distinct 
Ghance in pnysicel properties and commencement of Brownian 
Movement. It was thougnt unwise to set merely an 
Uoeer ligt, “Sanco the sradation of smaiter sizes would 
be unknown. Considering both these views, tne fraction 
1-3 u was selected. If suosequent investigators use this 
eame frection, the comMmarative results will be more 
fPeaninerul and should be closely cuplicated. 

The presence of Or@anic matter affects the™ base 
exchangre canacity, and the procedure followed in its 
determination differs for clays with and without 
organic matter. Eacn type--Wyoming Bentonite, Georgia 
Koma au@. the Lliive pond clay was in turn saturated 


wWitge hydroeen peroxide and tnen dried to ascertain 
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omy eme@ient change which would in@icate oxidation 
of organic matter. Negative results were found on 
ail Vice =igca., Wits Permituing identical procedures 
for bas® cxenanse capacity Geterminations. 

Stoke's Law was applied to separate the desired 
Derticle size. se stated, "the resistance offered 
ey Iewre  LOtmec Talieor tne wariaicle varies with 
the radius of the sphere and not with the surface." 


Pecordime tommic Lopmuce: 
y= Zz (ap-d) & ie 
7 
Vem vesiocnty of fall im ens/sec, 
p> Ae@oler2 clone OwemtO gravity in on. /sec.© 
ape Constr Ol paruiele invem.,/c.c. 


ad density of liquid in em./c.c., 
y Viscosity of Jigquid in millipoises 


Sorat Innerent lami tations of Stolze's Law should be 


CA 


discussea. CGlay vnarticles are flat disc-shaped 
marticles ratnor than spherical. The density is 
PHOUMC Emule UGi Oi rcching™ tne accuracy oOo: tie law. 

Mic Catterecnt mineralopical anc chenical composition 
of the feldspars and micas result in density variations 
Oe Coca. le echorally wiccepteda value of 2.65 
was used in our mechanical analysis. Baver emphasizes 
Cit, Plate  Cogenutel- LO mete Lnat tie density of 

Clay Bertsetes decreases with particle size when 
Cetermmned. 11 20ucous Suspension. This is due to the 
Peseta ayaa y On Or Cac ssmaller marticles. 


Three methods were used to isolate tne sanvle 
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Pee uLone cll Oleweece are. based on Stoke's Law: 
sedimentetion, centrifugation, and air suspension. 
=achn will be discussed separately. 

The Illite pona clay was separated by successive 
seqinentation. aAs-received material was sieved ana 
the material wnassing #200 mesh was retained. The time 
Pe dul nCcomueGee Ue Dar Grele TO seeclLtle a civen depth 
wes calculated. The material was disnerced in distilled 
Water with @ nigh spece mixer for ten minutes. Sodium 
oxalate was addec as a daeflocculatins agent as 
recommended by Baver. This mixture was poured into a 


Pasticuovoeneer ond allowed tO settle for the given 


tS 


ect 


ime. After tnet period had elapsed, the suspension 
aoove the civen deptn was Gecanted. It contained 
particles < 3 u. his susnension was allowed to 
Settle again, for a tine ute e ui UGhe “clenivelien | (svelgeg 
2u to fall Ameiven distance. The suspension above 
this depntn was decanted and aiscarded as it included 
particles< lu. The setiment (of the desired 1~3 u 
Size) was dried and retained for test. 

Ihe eCeerere KeOlanetes severatec by centriiucation: 
moo Cenurirueal Torece exerted er unit mass upon a 
Clven@permelc Cenemes unen thevdistance of tnemparticle 
mon Liem ete Ot FOLatTION, This 1s expressed by tne 
me veavion: 


» 
Centrifugal Force = linear velocity” or 
radius of rotation 


hoy < 
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This fundamental equation wes modified by Steele and 


Bradiield to: 


t= 1 log Re 
ime 


al 
Sr one NS 43n (ad p-d) 


y) viscosity in »voises 
ee Ft) Me SUbeHeCmue Or cCenlriivec tube in cm. 
N revolutions ver second 
ae BIoguseOt partielle in? em. 
dp—d densities of liquid and narticle, in em./c.c. 
Tt CUMeead ese. 
Center af rolution pen ee 
' IP ai. SS 
ee ae aa : 
Dl Poe sete. _oaamale 115 Seana re 


euceessive centrifugation was employec. The time and 
occu Of FOL@tTIOn were Cetermined Tor particles of 3 u 
to settle a definite denth eaual to (Re-R}). The 
Slepensi0n was Leen cecanted for another centrifuging. 
(ie time an speed was rec iculetec for particles 
Dee) tetowersic. The Geaiment collected after tne 
Beco enue Im Ine Was PCta ne: and drleaunas sgamole. 


Moe Ccernimityuee used wes Size 1, Type C. Inver. Equip. Go. 


The Wyomins Bentonite fraction was isolated by 
tee of tne Holler Particle Anaivyzer. Stoke's Law may 
Semoirecuty epolica to the gir rlow required to raise 


-_- 


pees teOVemor 8 Eiven size, Ine relationsnin between 
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G@enSivies Of air, perticle, and air velocity only need 
be Known. 

This vrincivle was incorvorated in the develop-— 
ment or tre Anelyzer. This apparatus is used by th 
Powdered Metellurgy Laboratory and was graciously loaned 
Dy tnat department. The principle employed is merely 
haat a civen air flow will just support a certain 
mee 1Cal werelicle size; eltismalier Darticles risine., 
The as-receivea material was hand ground and sieved. 
The portion »vassing #200 mesh was retained and fed 
meroucn Lee mokler Anaiyzer tor secrefation of particle 


sizes < Del weeOoPnce gC umy Suaues that the base exchance 


~ 
— 


=“ 


Se .cCclty Of iiontmorilionite does not vary with rarticle 
eeze, it was felt that it would be unnecessary to 
meoolawer tae 1-3 u fraction, and tnat the < 3 u fraction 
would be satisfectory for a connarative analysis with 
bite bLywO OLner Clay minerals anvestigated. 
Preparation of Mixed sample 

A mixecd sample was prevarea for BEC determinations. 
Baual narts oy weight were taren of KAOLIN, ILLITE, and 
BEV: TONITE. Toney were thoroughly mixed by hammer and pestle. 
Mae Samolo was then stored in the oven at 105°, to await 
test preé@eaure identical to tnat used on each of tne clay 
types individually. The BEC was determined at pH 9, the 
welue at Wwhicr eacn of tne tnree tynoes andicated a 


maximum BoC. 
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SCHEMATIC DIAGRAM of ROLLER ANALYZER 
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Procedure 
Perhans tne most widely used method for the 


etermination of total base exchange capacity is that 


Cus 


of ammoniagogistillation. The U. 5S. Bureau of Public 
Roads adownted a procedure basically identical to the 
mmoceaure Outlined Selow. Phe cnaracteristics of the 


primary reagent used must conform to several patterns. 
the 


| 


irst attractive forces of the ammonia must be 
Sufficiently great to interchange with those ions 
originally attached: although ammonia is at tne weak 
er or uc Lyotropie series, this is accomplished by 
Venetny and reneated saturation by ammonium acetate. 
Once attached, ammonia is easily disassociated from 
fee COLIOla DY GCistillation, The rinal step consists 
of titration with an acid to neutralize the ammonia. 
Mec Quantity required 1s @ direct measure of the 
colloid's base ee canacity. 
J pa tes tine ee eock Ph.D. used the procedure 

POO ULMeCwwiieser 1 to determine the cation exchanze 
@apaclity Oo: soil colloids mtn variation of hydro@en ion 
SBeomeentration; the followings procedure was modiried to 
bee Doric acid in step 6 end titration in sten 7 was taken 
peo cCexu memvuLoned. 
I. Welen Oven dried sampie (105°C) 0.10=-1,00 en. 

ime svoscouent Piltrations are expecited by 


using small samples. 
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A epee bee tacesamele with the ammonia ion. 
A@@aeee5 alot ONmMOMium acetate at desired 
pH; cap ana snake vicorously. Place in water 
bath of 60°~70°C for two hours--shaking every 
i> oenoec er Saove from bath. Allow bottle 
and contents to stand over night. 

Palter suspension through Buchner funnel 
Princ cumvmie to O5mch wl Witanaan Hue filter 
paper (moisten with same solution as leachate), 
using slignt suction by aid of aspirator. 
Rinse bottle and cap with leachate until no 
S-Diewrenains, OCOnmtanue leaching with 
DOs. portiens Of Golution until total 
eect weret eo Tle te collecteG. Sanpile 
should be allowed to drain completely be- 
tween each addition. 

3. Leacnate may now be examined to determine 
exchangeaole bases. This chemical process 
is long and complicated; spectroscopic analysis 
May 0c Cubs ulGUbea Wht. no sacrifice of 
Heir acy . 

4, Excess anmonia (unattached) is washed off 
fPetemercOqol. ebencn with 5-10 mi.* portions 
of 60% alcohol, washing down naterial adhering 
COS cwecewOneriewer, A GOtal @f 50 ml. is 
Sufficient. Finally rinse sample with two 


UGweot 5 ml. 9p alconol!. Allow to dry. 
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Mould eproleonescdsexnosure tc air or some 
Snover walt be Lost. 

5. Teansier sample 4nto Kjeldahl Distillation 
AvpiemaLus., Direct transfer of sample into 
(ett tone Stlaskeisrcitticult., It is acvisable 
to transfer sample and vnaner into a small 
beaker from which both are carcfully washed 
into the flask. Rinse beaker completely 
with distilled water, and then continue until 
Gaple 1Se@hiweed by a. Total of 250° ml. Place 
10m. of Os) F GAG ine tillage torerevent any 
loss of ammonia as it stands in flask. If no 
Gepemic tetuer Siss present yeada 25971. of 120 
nares to the flags. (075 em. of MeO if organic 
Master is present). 
wo Glass beads are inserted to reduce "bumning" 
as gas becomes superheated. 

6. Distilletion in Kjcld@ehl Avparatus. 

Ceniemus Of Tigigle i sedis Fimlea into 50° mis ofr 
boric acia solution. Distillation continues 
Ui 250 ml. Of tips tac is collected. 
Prectically all ammonia nes been disassociated 
Dy aval ee Lame . 

7. Titration for determination of total base 
exchange capacity. (from Standard Methods 
HU Sesh ede oy teeeAmerrvcan Public Séealth 


Association p. 118-119). 
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Reagents: Boric acid solution. 
Dissolve 40 gin. of certified 
tare POrrewaci1a erystals in lL 
liter of ammonia free distilled 
water (this may be accomplished 
Dye oC Vie per mu blue dn COMualIner 
of distilled water and shaking). 
Sulfuric acid--—-0.05 N 


Methyl red indicator. 
Peoccaurme: shivrovulon Should se Undertaken 


with white vorcelain pnlate to 
Mavciewcolors, A olank should 
oles hoa Tope) Wialioiuratcralae jaa hice bl A(cceue 
pales (Geo Boyle Niuliowel sino a eaels 
Moarmene @ 
Take flask into whicn distillate 
has peen collected. Add 3 drons 
Of Megayl red ingicecor and 
tiGrepe thre ammoniavwitn 0.05 N 
SULIU TC rac a. aa hemimis line en 
DOG Wise woes sOm ume? dant 
CoOnualnmine Che Same Veeeents end 
CUS tone ins Staller hasiion as 
othcr samples. 
8. Calculation of total base exchange canacity: 
The@ieavLon Cxekene¢e Capacity of the sample at 
My ooc ered lar Ma Value. ino milli=-eduivalents 


(erm e dn OL Cry esOll mey be expressea as: 





B. 


yy 


be 


C2 = 900 (B=7T) 


W 


N normality of titrating sulfuric acid 
el mil. Of titrating agent used to 

maten color with that of blank 
W wWeteny Or dry sanple in gms. 





TABLE I 


PREPARATION OF AMMONIUM ACETATE SOLUTIONS 


For Desired pH Solution, Mix following Amounts of 
Reagents (in milliliters) 


NayOn | Nay0s 
(1 §) 






oD 


Coe 

face [— | 
me i | 
Tf 380, feo 
Teg [= aes 
Vase [| as 

65.4 





MPPinel Dilution to 1016.2 mil. 
Pal Ovner=a,luve: tO 1000 mL. 


The above solutions were prenared and then checked 
periodically py a Beckman pH Meter. 
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Procecure for Determination of Orvenic Lattor in Clay 


menos 


a ee oes Se ee 


DCU o[etecs 8 or tia weerve ML naticn of total 5. &. C. 
MweeceCopeg by J. &. Heslan* -n* used -xclusively in our 
mreottooerore titers for ssmaler "it or "itrout areenic 
Ponce ir lt WeCeeOmewe CamotL r orteiv7es in hydroten ner 
a OC, ony ie newer of Ceeemmnle “ould incicate 
eilovin~ gi~jle tert wes user to 
ascertain its pres nce or ~hse-nce: 

1, “tein ovem—cry stmmle (105 C) 

. Saturete vith ny@rocon norgvite (30% Cert. Pure* 

4, Ory gerialee in omen et 195 C 

7 eet hieeeete, Tht segs vei Ut siter treset— 
fenGet ao (VOrPOceN “ n@ride mrp oe expresssec as 


” ae 


Dwmeon oS el ve OF OPO NLC MaLter . 





> 


Cee eia@eoure ior Sxectrocraxnic Analysis 


<—-— ee ce eee eee 





Piate Cniibmetion 

‘gs stated before the amount of each element rresent 
will determine the relative intensities of its svnectral 
lines on the onlate. In ~eneral the roletionshino »etrreen 
the smount voresent and the line intensity is exrressed 
by the ecuation: 

iogec= Kilo D ttK, (1) 

Ue) eencenuration 

eo a men paced oy 

t - tine of exnoscure 

ee re Constants 

Seaport yin airs reletionshis to tt'to elements and 
Peooraclin= “we ret 


los s Se ety ,,sconstant (2) 


- 
If element ~ is sme “hose concentration is non 


Pooreiomacancvanu, it isetermed en internabestancard 


Uae d 


Ma we ray crite loz C ~ Kz lec 1: + comstant (3) 


| 


Cm -COneCentra 51 OT} 
I = Relative intensity of enalysis line 
Il = Rebative intensitweof internal standarc line 


1 Loe mee ic ual G 


fae 


Consecutntly coneentration can he reterrine: from 
eto eine nCeCaOncecmmEroLicn Ise nlottec acainst inken— 
Speer bEO-Or ony function of intensity ratio. 

iM oreewerordeuernine valucaeot la it is necessary 


ier 
Pomeo tiettCmriomenmlciOn ©€o6 Fait Censitvy reacincs from 


ess 


. 
- 
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a densitometer may »e converted to intensity reedincs. 

One method vr-ich vorks very vell is the "tivo line! 
Do ere Gre cee me oCe sc lo 1newn snectral lines re 
used trhose intensity ratio remains constont uneer ordcin- 
ary operatine con itions over a wiee ronre of exvosures. 
These lines shoulc also lie within a suitable vave Iencth 
Piece eC ee aGalyederanec end be freo from interfer 
effects by other eclerents. 

The lines used vrere the iron lines 3047.7 anc 3087.4. 
A set of rroced exnosures from teak to strone “ere mace 
by varvin~ the derree of ovtnine of the rot>otin: sector. 
Densitorrter ceflections ‘ere mersuvree an’ the vnrelimin- 


Bey Curve Crain from Gee corresyvoncin: ceflections. 


Beulsion Calisration Curve 

Ieee OL Une pO ivon Lincs mentiene” anove 
oor eal eemeliminary Curve Can nor Se uee@ for any 
eiven censitv to detormine the censity corresyvondin* to 
a fraction zl intensity incresse of r. This rives 3 means 
Pee OlLOGiile Gensity a-sinst lot of relative InConsLUy, 
Pico it mineibi oO “Cnsroy velue 1 chiranrescents, 
ay  elcattaaooch roadias they till »e recuired In «nol- 
oo eee ive miMnvenad Gy OL A) Ville he e.esen for fis 
POutce tet ton oneancencagy of ryler the next tens— 
Pomme Men TeiGtrometic Ireliminery curve, and 


; : 2 : 
POC tie MexG imeensaty rxr® r the next censity, etc. 


Leper joreorore 9° butlt as folLlots: 


a 





Ni 


Read, # Density pot wintenetcy | bom Rel. Int. 
¢ dD, il 9 
if D a tee r 
i Nn. rr Pi wil Chee lees 
3 Be a See as: 
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PART V 


RESULTS 
A, Base Exchange Capacity Determinations 


B. spectrographic Analysis 
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RESULTS 
Results of BEC Determinations 


A. Max. BEC for the three clay typcs investigated 
occurs anoroximately at vH 9. 


B. Max. BEC of KAOLINITE averaged 7.9 me/100 en. (Fig. D) 
Max. BEC of ILLITE averaged 17.5 me/100 gm. (Fig. &) 
Max. BEC of MONTMORILLONITE averaged 79.0 me/100 en, 

(Fig. F) 
C. Comvarison of results of BEC on mixed sample and 
arithmetic provortions of results of the components 
given above: 


Arithmetical: (BEC taken from results on graphs) 


Clay Type Max. BEC BEC/3 IDs 
KAOLIN C09 250 8.9 
LLLITE 1755 brats: Oar 
MONTMOR— (Jos 260 9.0 
ILLONITE = = 34.4 me/100 en. 


BEC of mixed sample at pH 9 = 26.5 me/100 em. 
(iiean value indicated on graph Fig. G) 


D. None of the clay minerals tested exhibited the 
presence of any appreciable amount of organic matter 
Crople ii), 
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RESULTS OF ORGANIC MATTER DETERMINATIONS 


KAOLIN jJILLITE BaNTONITE 


. Semple + Dish ee Moa. ovGe | cl 7OCr 
. Dish Sta 4678 ats 1 ea L OOS 7 
. Sample es Tr] 30 3.9957en. 


. treated Sample + Dish = 576 5] 20.9735 
Sy bwsyai i 17.678 87. a 17.6057 

pee ° .9678em, 

Loss in Wt. 7 = 3.9957 

0 707 0061 0. “0.0007 O20279enu, 


». vanole 
6 Organic = pes = 0007 eee 
Loss in wt. x 100 8 4423 3.967 
Nu. Sample 









LOO = LOOn = 
0.01% Or 7% 


Inappreciable organic mater- 
COMMENT : ieee eseny Im all Vypes. 
iMerehore . Sane: DROeGcdurc 
May be used for exchange 
capacity determinations. 


TABLE IT 
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RESULTS 


Results of Svectrozraph Analysis 

The preliminary curve coincided with the curve used 
by Reuss and also with tne curve in use in the Metallurgy 
Devote. Inheretore, Ji wassumnecessary to solve for 
the emulsion calibration curve which is the same as 
Reuss's and the one in use in the Metallurgy Dejpt. 
ec, Ll) 

The analysis of the standards used plotted ona 
straight line parallel to the original working curves of 
Reuss. Therefore, it was assumed that the working curves 
merely shifted parallel to themselves as explained in the 
procedure. (Fig. J) 

The results of the quantitative and qualitative 
analysis of the untreated and the treated (H-Clays 
suvplied by Ennis and aufft and prenared in conjunction 
with their thesis "An Investigation of the Effect of 
Tonic Substitution on the Atterberg Plasticity Constants 
of Certain Clay Minerals") clay samples are listed in 
Paple Lit. 

MaAcCOMmeoni i eros heronce Im epcimcent Of tie 
Metal Mie VOxMees sCONSI@erca ECxchanvcable oresent in the 
treated and untreated samples to milliequivalents per 
100 grams of sample, the partial and total base exchange 
was calculated (Table IV). . The total base exchange 
values thus computed were ag follows: 

KAOLINITE 6.92 me/100 em., Illite 25.1 me/100 en. and 
BENTONITE 50.29 me/100 gn. 
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PRELIMINARY CURVE 


Wave length range 
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PRELIMINARY CURVE (FROM REUSS) 
DENSITOMETER DEFLECTIONS 


| RON SPECTRUM 
LINE 3047 v5 3037 





8 
Fe ~ 3087 A 


DEFLECTION 
O 


DENSITOMETER 





eh a pd tH Od 
2 oa .6 8B ‘6 fae (4 
€ 
DENSITOMETER DEFLECTION Fe ~3047A 


Fig~-H 





DEFLECTION 


DENSITOMER 


DENSITOMETEOCR NEFLECTION 
VS. 


RELATIVE INTENSITY (FROM wp ioe 


So f& Ff 
wo SC 


ow ~ 
ee 


O06 — 


0.5 — 


0.5 - 


oe 


—— 


9 
Pr 
a 
= 


ee ee 





2 a 
O crc Oa nO re NO oD re err 8 rere me see Ne awererr re ree he are mw —w Dee nw Be meh kk 
026.03 .Of 05 06.07 .09.04 «1 ate = 2S 23 + as 46 1.2.6 4 1 rs 2 2-$ 3 
LOG a 


INTENSITY ~ J opm (RELATIVE) 


Fig.-] 


46 


ANALYSIS 


Sample: 1 Part Standard Clay 
5 Parts Sodium Fluoride 
12 Parts Graphite 


Setting ss 

Power NS 

Pniaueuance 8 millihenries 

Slag widon 50 microns 

Gan See 

Prespark 5 seconds 

Exposure 20 seconds 

Wavelength Range 2400-3800 A° 
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spectrum Analysis 
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Electrodes High Purity Carbon 
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STANDARD BeNTONITE 


Wave Length/Dens. Intens. Conc. 
De iuee Cals. Ralue Rat. 


Si 2988 176 

Fe 2599 193 aks Ke 0487 
Al 3066 aoe 1 oe 30 

Me 2795 545 3.09 0485 
Ca 3006 #055 oe .00164 
Na 3189 1.09 6.20 . 0236 
K Bi .037 ae) .00508 
me 86 39268 004 02 .00131 
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STANDARD KAOLINITE 


Wave Length] Dens. Emuls.{| Intens. Conc. 
Dei Crllumoo.. . nev, Rat. 
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TREATED H-~BENTONITE 
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TABLE IV 
B.&.Value AV. ifax. BEO= 
SAMPLE (Soectro- Max. BEC (Potentiometric 
craph) CATs U.) Tima Lon | 
KAOLINITE 6.92 irae) Cae, 
ILLITE | AS Ah dope LO 
BENTONITE! 50.29 79.0 35 





NOTE: All values in me/100 ¢ 


“As determined by Ennis and dufft. 
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Conclusions and Recommendations 
A. Preparation of Samples for B. E. ©. Determin-—- 
ations, 
B. Base Exchange Capacity 


6. sSpectrographic Analysis 
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Conclusions and Recommendations 

A. Preparation of Sample 

As stated in the procedure a different method of particle 
separation was employed for each of the three clay types inves- 
tigated. The relative merit of each method will now be discussed, 
Gravitational Separation 

Gravitational sedimentation was the easiest method. It in- 
volved no attention during the settling period, requiring only 
dispersion with the high-speed mixer at the outset and decantation 
after the calculated time interval. The desired fraction however, 
was in a saturated state and necessitated drying for weight meas- 
urements. 
Separation by Centrifugation 

Centrifugation was a more expeditious method of separation, 
but required more attention ef the operator. The resultant frac- 
tion was saturated. 
Separation by Roller Analyzer 

separation by this method required many more man-hours of 
operation and was more tedious than either of the other methods, 
Twenty-five hours of full-time operation yielded only five grams 
of Wyoming Bentonite. 
Advantages and Disadvantages 

The primary advantage of sedimentation and centrifugation is 
the comparative ease with which the sample is obtained. However, 
both metheds furnish a saturated sample. Subsequent drying for 
the necessary weight measurements results in an unmeasurable de- 


gree of reaggregation. The desired particle size has been 


e 
U ° 
. : -! 
. nbn . re 
. 
a . . .e , i 
‘ s . e 
a 
= "8 Oe ot 
- =. « ee 
4 , i] 
. ‘ 6 ie 
. . 
. . Plaka iS 
’ = of 
. « 
e a! * 
. =~ 
eons 
«fe 
’ 
' se 7 
ais 
co 
' a » - io . és 
=% . ’ ry n @ 
’ 
of 4 
aw «(4 
° 
. as 
e 
oe 


-* 
xy Vp oes 
fe ve Onc) 
. « , 
. ‘ 
- . 
. 
sees 
ie ee 
cree coe e 
ee, 
. wo 
e 4 
. « 
. 
. e 
‘ , e. 
. a are 
ores eb 2 
; . “we A u 
oA . ae 7 - 
4 a . . . 
. -¢ 
« . 
Oh Ae : . 
. 
d . aa 
oY . . # = ao 
. # Ge Lvo 
: > 
. . 
~ 7° 
Bical wo 
ms e ‘a 
‘ nae 45 
e- a . . ao 
- ’ 
5 fee) oO 
vie 


* , bd 
2 On ' 
: Pate : ac e 
. éi als . - Yes 
st * ° 
. « oo . e 
a : 
an aeie - . cee 4 ‘ e 
. 
‘4 e Gen A OR « F On 
a e . « a . 
a e 
Co Manes _ a : . 
' e ¢ . . 
“ . © 80) owes 
- be 
. . - na) * @ «+ 
e 
*, Cea . = . © ee e. 
nee Mt oe Cec = ee x * Ke . . 
’ ’ 
Far was oy . . 
. A ow 2 be O59 . . v pos 
- . -« . 
*. ia 4 * * e 
. a « 
ve « s rs os pine, . . . 
tad 
« ° « < “3? : e 
- +e eae + een 
. . Ve gw ae «gat pe . liek 
1 . @ar fhe Sirs a ry 
L3 an! one 
e . 
. . ~ 
be _ 2 t etna . 
e- . 
. . . e* 
os ys oN . see a) 8."e ~w * 
e < . ? et? wad = 
. 
u a Ce) 8 ee ° oiety oe © ty, 
58 wt . ‘co eae a ‘ 5 
. A ee a6 Rae . 77 8 Mt 
»°* 5 . 1 . . 
. e ais xl en e ear z 
A 24 Sr - ar) . Cn Dos * 
- wees . a a o rt . ieee oe. 
. ‘ . . = 
’ . rt . a Pa 
a a 2 . " € ee 
* s = 
. " * oy le ai Siar #9." ‘ : es ee” % 
i ad . ‘ . ears -_ *) ye cheese 
7 
. . e 
‘I on ca ee eee S . 
0 of ort a . e505 ti . Sierras . ” 
i . . ‘ ate coke 
. “1 s | See . e a fer 
ee 
i vv anal e R39: , Ce 5 on > 
Wienke e Shire. . ae . one 
. Oi 5 . a . ee « = . . . oe . = 
« fa . . 
: e . ‘ een Diep es 7 @a, SET | 
e. e) o . a; és - 4 Le 
OAS . nan (Dien Ale A ae = es on 
. e oy fai 
ri ~ . nN 4 5 4 . a 
5 - . . . a 8 
‘ f ats) en («6 ‘ 
. . 
oe re eS cate 2 . e . oe e e . 
AO is “ i * 
. « . OF} ‘ 
~~ we ve 7 ai eee ° to te. . * 
a fs e - we oe e . oe <a ~ « 





61 


enlarged an unkncewn amount. 

On the other hand the sampie preduced by the Reller Analyzer 
is more nearly the desired size. Operation of this apparatus is 
more tedious than either of the fore-mentioned methods. 

Selection of method will therefore be dependent on whichever 
consideration is of paramount importance; ease of separation, or 


accuracy of the particle size separated. 
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B. Base Exchange Capacity Determinations 

There are two major reasons why determination of exchange 
capacity by the ammonia distillation method is si:pler than other 
methods; 1) the ease of disassociation of ammonia from the clay 
upon heating and the simple titration associated with its release 
and 2) the need for only small amounts of test sample. Since 
considerable time must be spent to separate clay samples in the 
colloidal range, any method requiring small quantities of sample 
is preferable. It is a relatively rapid method for measuring the 
change in B. BE. C. with varving pH. 

It was found that the B. EB. C. varies over the range ef pH, 
reaching a maximum at pH 9 for all three clay types. Noticeable 
discrepancies for maximum B. H. ©. are noted for each parameter, 
however the rate of change of exchange capacity with pH is quite 
Similar. This bears out the importance of proper laboratery 
technique in the distillation procedure. Reagents must be accur- 
ately prepared and kevt up to strength, and the distillation pro- 
cedure must be meticulously followed. The average or composite 
curves are in agreement with Hosking's report and extends his 
findings to include I[llite. 

A series of tests of a laboratory mixture of equal parts of 
the three clay minerals indicated a total B. E. ©. approximately 
proportional to the per cent by weisht of the exchange capacities 
of the component parts. 

The following recommendations seem justified after concluding 
our tests. Modification of the Procedure suggested by J, ‘iunzer 


where boric acid is substituted for standard hydrochloric acid 
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proved to be a judicious one. It has been found in Sewage analysis 
that distillation into boric acid was easier, more accurate, and 
furnished closer duplication of results than distillation into 
hydrochloric acid. Insertion of two glass beads in each distilling 
flask counteracts the tendency to superheat and reduces the conse- 
cuent "bumping" (vigorous boiling). Another change in Hosking's 
procedure concerned the use of a color incicator in the titration 
process. “ethyl red was found to be the best indicator, and we 
suggest the use of seven drovs of indicator for facility in match- 
ing colors in the titration process. The phrase "base cxchange 
canacity" is insufficient. Since the exchange capacity of a soil 
varies both by the specific method utilized and the pH it can be 
Stated correctly only by reference to those variables. We sugzest 
the complete phrase be "the maximum base exchange capacity as de- 
termined by the process of amionia distillation at pH 9 is ----," 
This connotation conforms to repeated exverimental results that 
the 3. &. C. is a maximum at pH 9. 

If inore time wes availavle, it would be interesting to com-— 
pare the results obtained by this method with those secured from 


e thorough chemical analysis of the constituents. 
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CGC. SPuCTROGRAPHIC ANaALYSIS 

The preparation of samples and general procedure as 
developed by Reuss proved highly satisfactory. The use 
Cleaiegh pemmuy Carbon ecloctrodes and fraphite Serves to 
lower the amount of impurities. However, there are cer- 
tain serious limitations that very definitely affect the 
results of an analysis. First, the accuracy of the per- 
SCentage of amy one element present depends on the accur- 
Bevo: the analysis for all the other elements present; 
pemond. tie clmect of mincralogical diffewences in all 
types of clays may not be completely removed by the 
Sader on Of Ssodmumetiuermde: third, the addition of the 
eedqdrum fluoride itsclf willl introduce impuritics into the 
Samylo; fourth, the ravige covered by the working curves 
Pete ind fitth, the Limitation imposed by the ro-= 
Servina power of the Spectrograph itself such that all 
elements are not discernible in the spectrum (e.g. Hy- 
drogen and Lithium). 

iG te"orerverese tO note that the emulsion cali-~ 
bration curve coincided with that of Reuss, drawn two 
years ago (1949). This speaks well for Eastman Kodak's 
emulsifying process. 

Tee dviet Of thewworking curves must be checked 
every time a run is made on an unknown. This is easily 
Gone by including a known standard on each plate. 


Before any accurate conclusions may oe drawn con- 
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Cera eerionceemmeacy OL te quantitative and qualitative 
analysis of the Unknown clays as well as their adsorbed 
MonecOonvent atumnoulLda be preferable to analyze other 
samplcs chemically. However, because of the time re- 
(emeecd Temmeswcmean anotysrs and the degree of accuracy 
Peamerea, it LSumell that themspectrograph provides a 
relatively simple means of analysis and will fall within 
mac Panee Of accuracy required, 

The clay samples prepared by Ennis and Hufft were 
treated with hydrochloric acid to form H-clays. It is 
ely onat lorebewvcr corretavyen of the base exchange 
as measured by spectrographic analysis with the base ex- 
change capacity as found by the chemical method developed 
by Hosking, , an ammonium saturated clay (saturated in the 
same manner as for determination of BEC) should be acral 
imc results Of Enis phase of the investigation, therefore, 
femely mcasure thewamount of hydrogen tons adsorbed by 
Sree cli am cisplacwme previously attached ions. Thus, 
Maes base Cxcianmee value yonly moasurcssa certain degree 
Sm tne total base exehangse capacity depending on the 
extent and time of treatment of the samples. 

In comparing these base exchange values with the 
average maximum base exchange capacities as previously 
determined, it is seen that for Kaolinite, approximately 
88% of exchange has taken place and for Bentonite, approx- 


imately 64%, For Illite, the avorage valuc of base ex- 
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change capacity is only 17.5 me/100g, which is less than 
the exchange value 25.1 mce/1l00g. Referring to Fig. E, 
however, it is noted that Jllite in two runs had a maxi- 
mum base exchange capacity of 23.1 me/100g which decreases 
the apparent crror. The marked variation in values of 
maximum base exchange capacitics for the Illite would 

scem to substantiate the base cxchange value 25.1 me/100g 
and that may very well be the truc maximum base exchange 
eapncity tor the Tllite. 

It must be remembered that other cations may be 
present on the samples analyzed. In our work we studied 
mie, CAbtons Wiech werconsidorced of major importance, not 
pHcet tO Limitations imposed by the resolving power of 
Pio Spectrennaon, amd most likely to occur in measurable 
quantities. It is felt that any other cations that might 
actually be adsorbed in the clays studicd, would appear 
Mae suca SMAaliwemaimtities as not to afrect the results. 

Mime “did not permit further spectrographic analysis 
Sievarious bomatemic clays, Muvure work should very 
Pci 7ibuclyeve dene slong stnese lines With omphasis on 
Correlation with x-ray diffraction and base exchange 
Uwoct lye. tie DossioLeC. at) would be advisable to run a 
Cie amenl Smewiysis also, so that more positive conclusions 
ean be drawn. 

ReVvevere wr 1S 1Olt thal Sspectrorrapiic analysis can 


be used for calculating degrecs of basc exchange and also 
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fOueTiCeitanie ase =ciemcnfsc Capacitics for clays where com- 
pEotc replaccmemt by hydrogen or ammonium ions has occur- 
rod, it isem@eeed Thal techniques used in this investiga- 


bed Wi MP erovero. Scervieo Co °ruture Investicators. 
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A. Data 

(1) Sse Tests 

(2) Spectrographic analysis 
B. Sample Computations 


C. References 
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KAOLINITE RUN #1 
March) 2) , 1951. 


Dry Wt. | pH .O5N HoS0y Base Bxchange Capacity = _ 
Sample | Amn. used for Ti- 100 N (B-T) - W 


Grs. | Acetate |tration(mls.) | 


0.1086 | i oe, — dalegl. <a 











1133 5 LOOK Osan) _ 
0.1133 a pie ee, 
0.1055 é 100 32 2p) = 123.2 
0.0730 7 if 25.5 
| a 
10 
100 209 54) _ 33,4 
100(.05)(.30) _ i7 
——— 1006 = 18.8 
100(.05)(.81) _ 
—ieo5 (C8 





(Suvernatant Liquid not 
clear) 


COMMENTS:(1) Boric acid solution was made weaker by 
mistake, consequently, excessive HoS50) was 
meeded for oack titration. 

(2) Large pipette was used for titrating. It 
was difficult to match the color of sample 
with the blank. 

(3) These results were considered invalidated for 
the above reasons, and were not included in 
eran. 
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KAOLINITE RUN #2 
March 31, 1951 
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COMMENTS: (1) Good control throughout 


(2) Seven drops of methyl red indicator were used 
instead of three drops as stated in pro- 
cedure. This modification mesulted an 
Gasicm matching of the colors for titration. 
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KAOLINITE RUN #3 
Aiomal 17, 1951 


pi ~O5N H2504 Base Exchange Capacity= 
Amn, used for Ti- 100 N (B-T) = W 
Acetate | tration (mls. ) 
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(1) Samoles underwent extended soaking period in 
ammonium solution (84 Hrs.)., This may 
account for higher values of exchange 
capacity. 

(2) Denatured alcohol was used to wash away 
unattached ammonia, 
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KAOLINITE RUN {4 


May 8, 1951 
Dry Wt.]| pH Amm,. |.05 N HoS04 Base xchange Capacity = 
Sample Acctate jused for Ti- 100 N(B-T) — W 
(Gms. ) Prato. (mis ..) ; 
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Pea Tee RU isa 1 


March <2 oo) (No organic matter) 
Dry Wt.|pd Amm.! .05 N 39504 Base Exchange Capacity = 
Sample |Acetate! used for Ti- 100 N (B-T) = W 
( Gites...) tration (mls) 





0701702 220no LOO{ .0 eP _ 85 
22.60 0.0762 7 
O75 
6 same color as 
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No tit pete on 








0.1406 ae 100.05) {0.6) res 
0.6 

0.1402 23.65 100(.05)(.90) ~ 30. 
22,75 omos 
0.90 

0.0832 | 10 22,00 1 

= 22,20 0632 = 15.0 
oe 


COMMENTS: (1) This was one of the earlier tests, and 
efficient techniaue and close control of 
titration was not established. 


(2) Results of this run are somewhat higher than 
subsequent runs; but these results were 
plotted on granvh. 
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ILLITE RUN #2 
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ILLITE RUN ;74 
Mey 3, 1951 
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BENTONITE RUN #1 
Mori 5, 1951 
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COMMENTS: 7% drops of Methyl Red used for indicator 
pomp les 20502. ly ame nO difficult to filter, 
because sample pevtizes. 
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BENTONITE RUN #2 
April 19, 1951 





















Dry Nt.| pH Amm. 05 N HeS04 Base Exchange Capacity 
Sample | Acetate} used for Ti- 100 N (3B+T) —- W 
(Gms. ) tration(His. ) 
Or, LSet Less il a7 = 
0.100 O.T30L (63-2 
TS 
0644S L, a2 2-690) _ 
0.435 o.0808 = 410.8 
0.690 
0780 E Toe coo 
iy es 0760 = 21-9 
0.800 
0.1045 y Tene i 
0.600 OO - 
Lile70 
0.440 0.1050 = 105. 
2% 100 
0.1000 1.950 ‘a 12580 a 
ee Oo. L000 26.7 
pies) 10 
0650 10 0.950 5(0.605) _ 
0.345 0650 46.5 
0.605 
.0870 Lib ‘ SO ) 290.1 
0870 = 69° 





. ° 
‘ ie ‘ 
‘ = = Te) s - ' - 
; P . es rt - o 
ae - Utne Z oe 
i . : 
~ e . OS 
ry 
. 
s 
pes ce 
‘ay oe 2 
CS ee 
= 
1 : i 
ivi ae BO Ge 
Ps sae 
- Cary y 
a . 
& . 
"se 
cr * 
“8 e 
Pre i: ~ » - . mse 
" : ie _~ 2 wane 3 “amas bed ey Sia 
hat ; 
~ . 2 ‘ 
~ 
. 
s « 
x : . 
‘ . 
cn e “ 
vans, * ie 
= * : : 
~. os a : 
4 : ad —, 
. ir ss : 
. ‘ i 
i ba 
7 *: . 
> i a 
a. 
. a Be 
a - 
ire | 
- 
a 
- ae 
~— 
t 
. 
2 . oe 
ee. ‘ 
. 
ary a 
2 
. f 
* * : 
2 « « 
ié : : 
- = : 
ré + * te 
Ct 
} s 
' 
. 
‘ : 
4 
: 
‘ Lf 
\ . 
. 
ae 6 . : 
lit dee a . ~~. 


+. oe ae 


+e 


oe x7 
* 
FY 
5 5 
. 
SAR eres 10.8. § 
. 
. 
- 
e 
' 
’ 
7 
wae oe — j 
ta = SON De rete ang ws one 2 
: 
H 
. oor 3 5 i 
e y 2 = -e 
SF as Se 
2 r 
Ly 2 Ot 
ey * 
e e 
. 4? . 
. 
*. = U 
: 5 
. 
; is : 
P 7 oa 
A .. * 
Ss - 
. 
i 
La ol ir 
+ 
. 
. 
ry 


, 
. 
. 
J 
; . 
} . 
' . 
ROLY . sew ° 
ry 
« ¢ 
. 
. 
‘ 
2 
° 
. 
7 Neem ee fle 
fe ° 
= 5 s 
2 ° 
” 
BL IS 
- nS 
* Siete 
a 
ee gen 
a *e ean 
- 
* 
® 2 
* 
a 
» 
. . 





* Om we 


Dry Wt. 
ee 





Cha ASS is 


BENTONITE RUN #3 
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Base Exchange Capacity = 
100 N (B-T) - W 
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Computea s.r. Valuc from Spectrograph 


Keoliniggs Oxide diff. in % treated and untreatcd 
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Bentonite Oxide diff . in % content 
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T1005 Pore 
MgO le OO 
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METHOD USED FOR COMPUTING RESULTS 


OF SPECTROGRAPHIC aNaLYSIS 


Prom tmG@ analysis curves, the concentration ratios 


$1503 %Feo0z 


ase Pelee are obtaincd. 
38105 %Si Oo 


To dotermine %Si0o: 
ZSi0e + %Alo0, $+ ZPen03 $ ZMgO ¢ STIOn + ZCa0 
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SAMPLI COMPUTATIONS 


Example H-Bentonite 








Concentration Ratios fominmen losse=- 9.54% 
Feo0s 0247 
Alo50z 055 
cao «00005 
TIO, S0@n27 
MgO 0281 
K50 00346 
Nasd 00494 
i Sy ee OO 
1}.02474 0551 .000054..001274.02814 .005461.00494 
% S10, = Oo es - 81.0 
%Fe503 = 81.0 x .0247 = 2.000 
$\lo03 = 81.0 x .055 - 4.450 
ecaQ - 81.0 x.00005 - 0.040 
TLIO, = Gime COll7 ge «=2«. 10S 
iicO = SiGe O28len= 2.280 
%Ko0 = 81.0 x.00346 - 0.280 
ZNa50 - 81.0 x.00494 = 0.400 
9,553 


check = 9.553 $ 81.0 } 9.34 = 99,.893% 
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METHOD OF CaLCULATING BASE EXCHANGE 


VALUE FROM SPHCTROGRAPHIC ANALYSIS 


B.E.V. - Base exchange valuc in m.e./100g 


Difference in % Oxide Present x Molecular Wt. of Blement 
Molecular Wt. of Oxide 


- grams of element 
100 g of sample 


BEV = GS lement x lequiv.wt, x 1000m.¢c. 


100g sample gram atom.wt.ilement COUIsvam o < 


Valence of Hlement 


Sample Computation Bentonite 


Oxide Ditf) in % Content 
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Na  .10 x ae X ae X100O = Ses 
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